In mammalian brain, DA and AA coexist in the extracellular fluids. Thus, the simultaneous determination of DA and AA is of critical importance in the field of biochemistry and medical treatment. Among various determination methods, including UV, 4, 5 HPLC 6, 7 and CE, 8 electrochemical approaches [9] [10] [11] have obtained considerable attention for their high sensitivity and selectivity, especially for the in-vivo detection of a neurotransmitter. However, the problem associated with this approach is mutual interference between DA and AA at a bare electrode, because their oxidative response potential at this electrode is the same, which results in an overlapped voltammetric response. It is thus impossible to discriminate DA from AA by the electrochemical method at a bare electrode. Most studies contribute to the determination of DA by eliminating the interference of AA. A permselective film or composite, such as Nafion, 9,10 stearic acid, 11, 12 calix compound, 13 guaiacol derivative, 14 zeolite 15 and clay. 16, 17 Another alternative is to determine DA by separating the DA oxidative potential response from that of AA. Candidate chemicals include carbon nanotubes, 18 pyrimidine compound, 19 ferrocene derivative 20 and pyrocatechol sulfonephthalein. 21 Besides the above, fast cyclic voltammetry 22, 23 has been used in the determination of DA by suppressing the oxidative current response of AA. A recessed microdisk 24 and a powder microelectrode 25 have been successfully employed in separation between the redox potentials of DA and AA. However, few attempts have been made to fabricate a modified electrode for the simultaneous determination of DA and AA. β-Alanine, 26 polyeugenol, 27 polyphenosafranine, 28 N,N-dimethylaniline 29 and Cu-dispersed sol-gel 30 have come into used for this aim; still, there is an expanding demand for the development of simple, reliable and efficient sensors with enhanced characteristics for effective sensing of DA and AA simultaneously.
Toluidine Blue, a phenothiazine dye, has been extensively studied concerning on the electrocatalysis of some bioactive compounds, such as the reductive nicotinamide adenine dinucleotide (NADH), [31] [32] [33] hemoprotein 34 and myoglobin. 35 It is easily electrodeposited on the surface of glassy carbon electrode by electropolymerization. 31, 32 In the present study, a poly(toluidine blue) modified electrode showed excellent electrocatalytic activity toward DA and AA, and possessed a remarkable property of molecular recognition toward DA and AA, which has not been reported elsewhere. This resulting modified electrode is easier to be miniaturized (compared with a Cu-dispersed sol-gel modified electrode), 30 and possess the analytic characteristics of a wider linear detection range for the detection of DA and AA (compared with a polyphenosafranine modified electrode) 23 and of a lower detection limit of DA (by a comparison with N,N-dimethylaniline).
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Experimental
Reagents
Toluidine Blue, DA and AA were supplied by Sigma-Aldrich Co., and Toluidine Blue was received without purification. All other chemicals and reagents were of analytical grade, and the solution was prepared with ultra-pure water (ρ = 18 MΩ, Millipore Milli-Q system). The pH of the solution was adjusted by a phosphate buffer solution (PBS), and monitored by a Tacussel Mini 80 pH meter.
Apparatus
Voltammograms were obtained from a CHI 660 electrochemical work station using a CHI 660 electrochemical analysis software. All experiments were performed with a three-electrode cell configuration comprising a glassy carbon working electrode (φ = 3 mm), a saturated calomel reference electrode and a platinum wire as the auxiliary electrode. Before electrochemical experiments, all solutions were saturated with nitrogen gas for 10 min. 
Electrode preparation
The glassy carbon electrodes were polished with 1.0, 0.3 and 0.05 µm alumina slurry, respectively, rinsed thoroughly with ultra-pure water and ultrasonicated in alcohol. They were then rinsed twice with distilled water, submerged in 0.1 mol L -1 PBS (pH 6.60), anodized at a potential of 2.0 V vs. SCE for 26 s, and finally transferred into 0.1 mol L -1 PBS containing 5 × 10 -4 mol L -1 Toluidine Blue. A Toluidine Blue polymer film was electrochemically deposited onto a pretreated electrode by cyclic voltammetry with the applied potential ranging from -0.7 to 0.8 V at a scan rate of 50 mV s -1 . The thickness of the polymer was easily controlled by scanning numbers. The resulting electrode was rinsed with 0.1 mol L -1 PBS (pH 6.60), and stored in a refrigerator at 4˚C.
Brain treatment and sample detection
Animal care was in accordance with the guide for the Care and Use of Laboratory Animals (NIH Publication No. 86-23, 1985, Beheads, MD, USA). The experiment was performed on Wistar male rats weighing 20 -250 g. The animals were anesthtized by 20% urethane (1.25 g/kg), and placed in a stereotaxic frame. A hole was drilled and the brain tissue was drawn. This brain tissue was homogenized in 10 mL PBS (pH 6.60), sonicated for 30 s, centrifuged, and filtered to collect any supernate. Before sample detection, a linear gradient of 2 µmol L -1 DA and 0.1 mmol L -1 AA standard solutions were prepared, to which a 6 mL supernate was added into. The matrix solution of DA and AA was diluted to 20 mL with 0.1 mol L -1 PBS (pH 6.60) and agitated for 10 min. Then, the oxidative currents of DA or AA on the semi-derivative voltammograms were recorded after 5 min immersion of the modified electrode in the matrix solution. The electrode was thoroughly rinsed with doubly distilled water between voltammetric determinations.
Results and Discussion
Electropolymerization of TB and its electrochemical property Toluidine Blue was easy to be polymerized on a glassy carbon electrode in 0.1 mol L -1 PBS (pH 6.68), and its electrochemical polymerization potential was 0.8 V (Fig. 1) . If the potential scan was confined to the range of -0.7 to 0.6 V, a pair of reversible redox peaks was observed on the glassy carbon electrode, and their potential of cathodic peak was -0.378 V and anodic peak -0.326 V. However, providing that the potential was swept toward the positive direction over 0.8 V, the oxidation current increased abruptly, revealing that Toluidine Blue was polymerized initially at this potential on the glassy carbon electrode. A pair of new redox peaks appeared at around -0.1 V after the second potential scanning on the cyclic voltammograms. Moreover, with successive scanning, the redox peaks current increased continuously. In the meanwhile, the anodic peak potential shifted in the positive direction and the cathodic peak potential in the negative direction.
Two pairs of well-refined redox peaks, couple I and couple II (Fig. 2) were observed when a modified electrode was immersed in 0.1 mol L -1 PBS (pH 6.68) and swept circularly at a scan rate of 20 mV s -1 in the range of -0.7 to 0.45 V. Among those, for couple I, the anodic peak potential was -0.167 V and the cathodic peak potential was -0.259 V; for couple II, the anodic peak potential was 0.028 V and the cathodic peak potential was -0.076 V. The formal potential E 0 ′, which was taken as the mid-point of the anodic and cathodic peak potential, was -0.213 V for couple I and -0.024 V for couple II, respectively. As suggested by Chen, 31 couple II corresponds to the polymer-type redox peak and couple I the monomer-type redox peaks.
Electrocatalytic oxidation of DA and AA and their simultaneous detection
In 0.1 mol L -1 PBS, DA and AA were electrochemically active at the bare glassy carbon electrode, but their oxidative peaks could not be separated because their potentials were close. As shown in Fig. 3 , the oxidation peak of DA is at 0.25 V and AA at 0.22 V. They overlap at a potential of about 0.23 V in the presence of DA and AA at the bare electrode. However, their electrochemical behaviors changed dramatically under identical condition, when they were oxidized on the surface of poly(toluidine blue) modified electrode. Their oxidative peaks shift negatively comparied with that on the bare electrode, which reveals that the poly(toluidine blue) film has an excellent catalytic activity toward the electrochemical oxidation of both DA and AA, and the catalytic activity varies with the substrate concentrations. As shown in Fig. 4 , DA oxidation peaks occur at 0.19 V and AA at 0.02 V. The margin of the oxidative potential between DA and AA is enlarged by 0.14 V, and there are two discerptible oxidative peaks in the presence of DA and AA at the modified electrode.
A semi-derivative voltammetry of DA, AA and a mixture of DA and AA in 0.1 mol L -1 phosphate buffer at the modified electrode was employed. This method is of fine resolution for the simultaneous determination of DA and AA, even when they coexist in the solution, because their oxidative peaks are completely separated in the control potential window. As shown in Fig. 5 , DA was oxidized at the potential of 0.18 V, and AA is oxidized at the potential of -0.04 V. Obviously, their oxidative peaks can be discriminated between each other. This is the basis of semi-derivative voltammetry for the determination of DA and AA. The analytical application of the proposed system for the measurement of DA and AA was studied by analyzing samples containing known amounts of a mixture of DA an AA. Aliquots of the samples of the mixture were added to the electrolyte solution, and the current responses for DA and AA were measured and the corresponding concentrations were estimated using the calibration graphs. The results are given in Table 1 . A good recovery observed with the present system indicates the reliability of the method for applications to the on-line monitoring of DA and AA.
An attempt was made to determinate the concentrations of DA and AA in the brain tissue of specific rats, which were deduced by the method of standard addition. 36 The data were collected by the semi-derivative voltammetry described above, and the results are given in Table 2 .
Electrode stability and reversibility
Stability and reversibility are key elements of electrode performance. We checked their long-term stability under dry conditions by measuring the current response after 1, 10, 20 and 30 days under dry conditions. The electrode retained 98%, 95%, 93% and 85% of its initial response, respectively. We also found that the renewal of the film was especially easily accomplished by soaking the modified electrode in PBS (pH 6.68) and scanning the potential between -0.7 and 0.7 V (vs. SCE) for 25 -50 cycles. Such stability and reversibility seems to be acceptable for most practical applications. A poly(toluidine blue) modified electrode was prepared. The resulting electrode could discriminate between the oxidation of dopamine and ascorbic acid on semi-derivative voltammograms. The electrode has been successfully used to determine dopamine and ascorbic acid in the brain tissue of Wistar rat by standard addition. ANALYTICAL SCIENCES DECEMBER 2004, VOL. 20 Table 1 Determination of AA and DA in a mixture (n is the mumber of measurments) 
